suMMARY The acquisition of lactoferrin and transferrin by live Treponema pallidum organisms was examined. Saturation binding kinetics were obtained for virulent treponemes with increasing amounts ofradioiodinated lactoferrin but not with transferrin. Furthermore, lactoferrin bound up to 100 times more effectively than transferrin. Only unlabelled lactoferrin stoichiometrically competed with iodinated lactoferrin binding. Time course kinetics showed maximum lactoferrin acquisition within the first five minutes at 34°C. Optimum iron accumulation, however, was achieved by Tpallidum in 30 minutes at 34°C, and amounts of iron were six times greater than the equivalent amount of lactoferrin bound. Interestingly, iron uptake was also detected in the presence of transferrin, despite the minimal amounts of transferrin acquired by live treponemes. These observations reinforce the possibility that the associations of Tpallidum with host molecules, such as plasma proteins, are essential for survival of the parasite within host environments.
The ability of Treponema pallidum to selectively coat itself with specific host components appears to represent an important and critical property, which contributes to the virulenice of the syphilis spirochaetes. For example, the masking of important treponemal immunogens, which would otherwise be targets of host immune surveillance leading to immobilisation or neutralisation of the treponemes, appears to be an important property of virulent treponemes. '-3 In other studies designed to examine the relevance of the association of specific host plasma proteins with treponemal surfaces,4 we estimated that up to 12 plasma proteins specifically and avidly bound to T pailidum only, and not to the avirulent spirochaete, Tphagedenis biotype Reiter. These approaches led to the discovery of fibronectin as the receptor for treponemal adherence to host cells and extracellular matrix.`7 Three outer envelope proteins of Tpallidum were found to bind to fibronectin in a receptor to ligand fashion.4s8
Studies have shown that serum components enhance the survival of Tpallidum in a microaerophilic Address Lactoferrin and transferrin were radioiodinated by lactoperoxidase as described previously'4 using 10 mCi sodium radioiodine (Na'`I; Amersham, Arlington Heights, Illinois, USA). Free radioisotope was removed using a 1 x 20 cm Sephadex G-25 column (Pharmacia, Piscataway, New Jersey, USA). Efficiency of labelling was measured by the precipitation of proteins by trichloroacetic (now called trichloroethanoic) acid.
For studies examining the uptake and accumulation of ferric iron, radioiron chloride (IFeCl3; Amersham) was added to lactoferrin and transferrin as above in the TRIS and bicarbonate buffer for 30 minutes at 22°C. Unincorporated iron was removed by chromatography in a 1 x 10 cm Sephadex G25 column, followed by overnight dialysis against two changes of PBS. These radiolabelled preparations were about half saturated with radioiron ('Fe) as measured by incorporated radioactivity.
BINDING ASSAYS Aliquots of0. 1 to 3*0 x 1010 treponemes were added to siliconised 15 ml microcentrifuge tubes containing no more than 100 p1 lactoferrin or transferrin protein solutions. The final volume was adjusted to 0.5 ml.
After the spirochaete and protein mixture had been incubated at 4°C or 34°C for designated times, the organisms were pelleted, washed twice in PBS, resuspended, placed in a new siliconised microcentrifuge tube, and finally washed in PBS. Radioactivity associated with the pellet was then measured to estimate the bound proteins. Figure  1 shows the time taken for iodinated transferrin and lactoferrin to bind to Tpallidum. Surprisingly, little or no accumulation of transferrin was noted in contrast to the increased saturable binding of lactoferrin under the same conditions. Overall, the amount of lactoferrin acquired after saturation was more than 100 times that of transferrin. Rates of acquisition and amount of lactoferrin bound were similar at both 34°C and 4°C (data not shown), and saturation was achieved very rapidly (in less than five minutes) followed by steady binding for the remainder of the assay.
After maximum binding of`251-lactoferrin had been achieved (after 30 minutes), further incubation of treponemes in the absence of exogenous lactoferrin resulted in the release of`251-lactoferrin (table) . About half the bound lactoferrin dissociated from intact organisms after incubation for an additional 30 minutes. The counts per minute (cpm) were measured in the supernatant. Released radioactivity was analysed electrophoretically, and no alteration in the mobility of lactoferrin was observed, which showed that the treponemes had not degraded bound lactoferrin.
BINDING OF 125I-LABELLED LACTOFERRIN
DEPENDENT ON CONCENTRATION Figure 2 shows lactoferrin binding after treponemes had been incubated with increasingly large amounts of Finally, we examined the ability of T pailidum to accumulate iron after lactoferrin binding. Figure 4 shows not only a direct relation between lactoferrin binding and iron accumulation in treponemes, but also indicates a disproportionate increase in -9Fe Similar experiments were performed using transferrin, and treponemes unexpectedly renmoved iron from 59Fe-transferrin to levels three to 100 times higher than those seen for the steady state binding of transferrin ( fig 5) . These data indicate that, although Tpallidum shows a smaller capacity to bind transferrin than lactoferrin, virulent treponemes remove and sequester from transferrin similar amounts of iron to those from lactoferrin.
Discussion
The inability to cultivate Tpallidum in vitro continues to be a major impediment to studying treponemal factors affecting the pathobiochemistry of syphilis. Recent reports reinforce the potential role of medium components, such as serum growth factors,'3 in treponemal metabolic processes. We have been interested in defining the importance of the associations between pathogenic micro-organisms'`a nd specific host molecules.2 4``Successful parasitism by Tpallidum already appears to depend on the acquisition of plasma fibronectin`7 and possibly other undefined proteins.4 Host iron is usually bound to transferrin and lactoferrin, glycoproteins with high binding affinities for iron, which are found in serum and mucosal surfaces, respectively. Thus the binding of host proteins by Tpallidum may represent mechanisms by which these parasites acquire iron and thereby enhance their survival within the host environment.
It is clear that specific lactoferrin, but not transferrin, binding to Tpallidwn occurs (figs 1-3), and this is followed by iron accumulation in treponemes after incubation with '9Fe-lactoferrin (figs 4 and 5).
Furthermore, we observed an efficient uptake of iron from transferrin ( fig 5) despite the lower steady state binding levels (figs 1 and 2) . This observation may clarify the ability ofthe organisms to colonise mucosal surfaces as well as to cause disseminated infection.
During these studies it was not possible to assess whether treponemes possess specific iron chelators to remove iron bound to host protein from their surface. Alternative mechanisms for iron accumulation may also be active, such as the internalisation oflactoferrin followed by sequestration of iron and subsequent lactoferrin release.
It is important that treponemes obtained at peak orchitis from individual rabbits but extracted at different times showed varying maximum levels of lactoferrin binding (figs 1 and 5). Biological variability between treponemal populations in acquiring hostprotein has been reported previously,' and this variable has complicated the efforts made to compare this experimental system directly with other microbial models known to acquire iron binding proteins.'4 17 18 The acquisition of iron binding host proteins by T pallidum by specific and non-specific mechanisms may relate directly to the parasitic capabilities of these pathogens. In addition to Tpallidum coating itselfwith 363 host components to evade immune surveillance'`3 and treponemes using host fibronectin for adherence and in vivo targeting,`7 other host proteins appear to be necessary for treponemal survival. 4 Clearly susceptibility or resistance ofthe host to infection with Tpallidum may partly be related to the availability of nutrients such as lactoferrin and transferrin in the host at the sites of infection.
